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(54) Occlusion device 

(57) The present invention is an occlusion device 
(1 0) adapted for implantation into a fluid flow-supporting 
body lumen. The occlusion device (10) comprises a 
flexible support structure (13) and a flexible fluid flow- 
occluding membrane (20) that is positioned concentric 
with the flexible support structure (13). The support 
structure (13) is formed from a plurality of interwoven fil- 
aments (16) that form an axially flexible and radially 
compressible structure that, in its expanded state, 
engages the lumen. The membrane (20) generally 
includes a constricted region (24) and constriction 
means, such as a mechanical seal (28), for closing the 
membrane (20) at one end. The membrane (20) is 
formed from a plurality of filaments (26), and in one 
embodiment, the membrane filaments (26) are tightly 
interbraided with the structure filaments (1 6) to form the 
occlusion device (10). Alternatively, the membrane (20) 
is separately fabricated of interwoven filaments, and is 
positioned either within the support structure or without 
the structure so as to surround the support structure. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention s 

The present invention relates generally to implanta- 
ble, radially expandable medical devices for occluding 
fluid flow in a body lumen. In particular, the present 
invention is an occlusion device having an interwoven 10 
support structure and fluid flow-occluding membrane. 

Description of the Related Art 

Medical devices adapted for implantation in body is 
lumens that support fluid flow are well known and com- 
mercially available. One such device is the self-expand- 
able stent of the type disclosed in the Wallsten U.S. 
Patent No. 4,655,771, which is expressly incorporated 
herein by reference in its entirety. Self-expanding stents 20 
can be used to treat vascular stenosis and to maintain 
openings in the urinary, biliary, esophageal, tracheal 
and bronchial tracts of a patient. Self-expanding stents 
of the type shown in the Wallsten patent are formed 
from a number of resilient filaments that are helically 25 
wound and interwoven to form a porous lattice. The 
stents assume a substantially tubular form in their 
unloaded or expanded state when they are not sub- 
jected to external forces. When subjected to inwardly- 
directed radial forces, the stents are forced into a 30 
reduced -radius and extended length form, known as the 
loaded or compressed state. A delivery device, such as 
a catheter, that retains the stent in its compressed state 
is used to deliver the stent to a treatment site through a 
lumen in a patient's body. After the stent is positioned at 35 
the treatment site, the delivery device is actuated to 
release the stent, thereby allowing the stent to self- 
expand and engage the body lumen. The delivery 
device is then detached from the stent and removed 
from the body. 40 

Another type of implantable device is a vena cava 
filter. Vena cava filters are implanted in the vena cava 
that lead to a patient's heart in order to trap emboli in the 
fluid flow that would otherwise be carried into the heart 
and lungs. Vena cava filters can include a structure sim- 45 
ilar to the self -expanding stents described above, but 
act as a filter that traps large particles and emboli in the 
flow while allowing the remaining fluid flow to pass 
through the device. 

It is sometimes desirable, however, to completely so 
occlude a body lumen or stop fluid flow to a lumen that 
has been bypassed. By way of example, occlusion can 
be used to control internal bleeding, bypass a lumen, 
relieve the pressure created by an aneurysm in a 
lumen, or stop the flow of fluid to a tumor in a lumen, ss 
Because of their generally porous nature and substan- 
tially tubular expanded form, self-expanding stents are 
typically not used to occlude a fluid flow within a body 
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lumen. Similarly, vena cava filters are specifically 
designed to filter and trap only emboli while allowing the 
remaining fluid flow in a lumen to pass through the filter, 
and thus are not typically used to occlude a lumen. 

Implantable medical devices have been designed, 
however, to occlude fluid flow in a body lumen. One 
such device is a balloon that is carried to a treatment 
site by a catheter or other similar instrument. When 
positioned at the treatment site, the balloon is filled with 
a fluid, such as a polymerized resin, thereby occluding 
the fluid flow in the body lumen. 

Another type of implantable occlusion device is a 
wire coil that is first linearly stretched and then posi- 
tioned at a treatment site in the body lumen. Devices of 
this type are generally disclosed in the Ritchart et al. 
U.S. Patent 4,994,069 and the Phelps et al. U.S. Patent 
5,522,822. The coil is delivered to a treatment site by a 
catheter. Upon being released from the catheter the coil 
assumes a randomly shaped mass that substantially 
fills the lumen. The coil can also be coated with fibers or 
a braided fibrous element to promote clotting of the fluid 
flow at the treatment site. 

A continuing need exists, however, for implantable 
medical devices that will effectively occlude fluid flow in 
a body lumen. Occlusion devices exhibiting a relatively 
high degree of biocompatibility, that are efficient to man- 
ufacture, and that can be deployed using known tech- 
niques would be especially desirable. 

SUMMARY OF THE INVENTION 

The present invention is an improved medical 
device adapted for implantation into a body lumen. The 
device includes a support structure and a flexible fluid 
flow-occluding member. In one embodiment, the flexible 
fluid-flow occluding member is an interwoven mem- 
brane. At least a portion of the support structure is 
expandable from a reduced-diameter compressed state 
to a self-supporting and lumen-engaging expanded 
state. The flexible fluid flow-occluding membrane has at 
least a first tubular end that is concentrically oriented 
and circumferentially engaged with the support struc- 
ture, and a constricted region. At least a portion of the 
membrane is expandable with the support structure 
from a reduced-diameter compressed state to an 
expanded state for occluding fluid flow through the body 
lumen when the support structure is in the lumen- 
engaging expanded state. 

In a second embodiment, the support structure 
includes a plurality of elongate structural filaments that 
are interwoven. The support structure is radially self- 
expandable from a reduced-diameter compressed state 
to a self-supporting and lumen-engaging expanded 
state. The flexible fluid flow-occluding membrane 
includes polymeric filaments that are interbraided with 
the structural filaments. The membrane has a first tubu- 
lar end that is co-extensive with at least a portion of the 
length of the support structure and a constricted region. 
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The membrane is expandable with the support structure 
from a reduced-diameter compressed state to an 
expanded state for occluding fluid flow through the body 
lumen when the support structure is in the lumen- 
engaging expanded state. 5 

In a third embodiment of the present invention, the 
support structure includes a plurality of elongate struc- 
tural filaments that are interwoven. The support struc- 
ture is radially self-expandable from a reduced-diameter 
compressed state to a self-supporting and lumen- 
engaging expanded state. The flexible fluid flow-occlud- 
ing membrane includes polymeric filaments that are 
interbraided with the structural filaments. The mem- 
brane has a first tubular end that is co-extensive with at 
least a portion of the length of the support structure and 
a constricted region. The membrane is expandable with 
the support structure from a reduced-diameter com- 
pressed state to an expanded state for occluding fluid 
flow through the body lumen when the support structure 
is in the lumen-engaging expanded state. The con- 
stricted region of the membrane extends from the tubu- 
lar end beyond the end of the support structure. 

In a fourth embodiment of the present invention, the 
medical device includes a radially self -expandable sup- 
port structure, a flexible fluid flow-occluding membrane, 
and constriction means for constricting a portion of the 
support structure and the membrane for occluding fluid 
flow through the body lumen. The support structure has 
first and second opposite ends and includes a plurality 
of elongate structural filaments that are interwoven. The 
support structure is expandable from a reduced-diame- 
ter compressed state to a self-supporting and lumen- 
engaging expanded state. The flexible fluid-flow occlud- 
ing membrane includes polymeric filaments that are 
interwoven with the structural filaments. The membrane 
is coextensive with at least a portion of the length of the 
support structure. 

In a fifth embodiment of the present invention, the 
medical device is comprised of a radially self-expanda- 
ble support structure and a flexible fluid flow-occluding 
membrane. The support structure includes a plurality of 
elongated structural filaments that are interwoven. The 
support structure is expandable from a reduced-diame- 
ter compressed state to a self-supporting and lumen- 
engaging expanded state. The flexible fluid flow-occlud- 
ing membrane has at least a first tubular end that is con- 
centrically oriented and circumferentially engaged with 
the support structure and a constricted region. The 
membrane is expandable with the support structure 
from a reduced diameter compressed state to an 
expanded state for occluding fluid flow through the body 
lumen when the support structure is in the lumen- 
engaging expanded state. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a side view of an interbraided occlusion 
device in accordance with the present invention in its 



expanded state and implanted in a body lumen. 

Figure 2 is a side view of the occlusion device 
shown in Figure 1 in its compressed state. 

Figure 3 is a side view of a second embodiment of 
an interbraided occlusion device in accordance with the 
present invention. 

Figure 4 is a side view of a third embodiment of an 
interbraided occlusion device in accordance with the 
present invention. 

Figure 5 is a detailed side view of a portion of an 
interbraided occlusion device showing the interbraided 
filaments of the device. 

Figures 6-8 schematically illustrate a process for 
manufacturing the interbraided occlusion devices 
shown in Figures 1 -5. 

Figure 9 is a side view of a sheath occlusion device 
in accordance with the present invention. 

Figure 10 is a side view of the sheath occlusion 
device shown in Figure 9 with portions removed to show 
the membrane surrounding the support structure of the 
device. 

Figure 11 is a side view of a second embodiment of 
a sheath occlusion device in accordance with the 
present invention. 

Figure 12 is a side view of a third embodiment of a 
sheath occlusion device in accordance with the present 
invention. 

Figure 13 is a side view of a fourth embodiment of 
a sheath occlusion device in accordance with the 
present invention. 

Figure 14 is a detailed side view of a portion of the 
occlusion device shown in Figures 1 and 2 having a 
fusion seal. 

Figure 15 is a detailed side view of a portion of the 
occlusion device shown in Figures 1 and 2 having a 
suture. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A first embodiment of an occlusion device 10 in 
accordance with the present invention is shown in Fig- 
ures 1 and 2. Occlusion device 10 is substantially tubu- 
lar, axially flexible, and radially compressible over at 
least a portion of the device, and is adapted to be 
implanted in a body lumen 6 that can support a fluid flow 
8. As shown in Figure 2, occlusion device 10 can be 
compressed in part or over the entire length of the 
device to a reduced-diameter state by subjecting the 
device to radially directed forces. When the entire length 
of occlusion device 1 0 is in this compressed state, the 
device can be inserted into body lumen 6 using conven- 
tional techniques and tools such as an insertion cathe- 
ter (not shown). When released from the insertion 
catheter, the radial forces are removed from occlusion 
device 10, and it expands to the enlarged-diameter 
state shown in Figure 1. When in this expanded state, 
occlusion device 10 engages body lumen 6, thereby 
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anchoring the device in the lumen. 

Occlusion device 10 is shown having an upstream 
end 1 1 that is open to accept fluid flow 8 into the device 
and a downstream end 12 that is closed to occlude the 
flow. Those skilled in the art, however, will recognize s 
that occlusion device 10 can be reversed in fluid flow 8 
so that the closed end of the device is the upstream end 
1 1 while the open end of the device is the downstream 
end 12. 

Occlusion device 10 is generally comprised of a 10 
support structure 13 and a fluid flow-occluding mem- 
brane 20. In the embodiment shown, support structure 
13 is substantially tubular, axially flexible, and radially 
compressible over at least a portion of the structure, 
and has a first tubular end 14. Support structure 13 can is 
be comprised of two sets of oppositely-directed elon- 
gate filaments 16 that are helically wound and interwo- 
ven to form a support structure 13 that is self- 
expandable. The sets of filaments 16 are interwoven in 
an over and under configuration, and intersect to form 20 
an open mesh construction. The first set of filaments 16 
have a common direction of winding, are parallel and 
axially displaced relative to each other, and cross a sec- 
ond set of filaments 16 that are also parallel and axially 
displaced relative to each other, but have an opposite 25 
direction of winding. 

Figure 6 shows a method for manufacturing a sup- 
port structure 13 wherein two structural filaments 32a 
and 32b, one from each set of oppositely directed fila- 
ments, are wound about a mandrel 60 and supported by 30 
respective bobbins 62 and 64. While just filaments 32a 
and 32b are illustrated as a matter of convenience, it is 
to be appreciated that all of the structural filaments are 
wound about the mandrel and maintained together for 
shaping. The filaments are age-hardened within a fur- 35 
nace 66 in a vacuum or a protective atmosphere. Tem- 
peratures in furnace 66 range between about 350- 
1000° C, with the specific temperature depending upon 
the material used for the structural filaments. Filaments 
32a and 32b overlie one another to form multiple inter- 40 
sections, one of which is indicated at 68. Bobbins, 
including 62 and 64, are set to tension their respective 
filaments during age-hardening. The appropriate dura- 
tion for age-hardening varies with materials and dimen- 
sions, but can range from as brief as 30 seconds, to 45 
about 5 hours. 

After age-hardening, the structural filaments are 
allowed to cool, whereupon each filament retains the 
helical shape as its nominal shape. In the context of 
elastic materials, "nominal shape" refers to the shape in so 
a relaxed state, i.e. when under no external stress. The 
age-hardened filaments are highly resilient, i.e. deform- 
able under external stress, but elastically return to the 
nominal shape when free of the external stress. In this 
manner, support structure 13 can be radially com- ss 
pressed into a reduced-radius, extended-length config- 
uration suitable for delivery to a treatment site in body 
lumen 6. When released from this compressed state, 



support structure 13 will self-expand, thereby causing 
occlusion device 10 to engage body lumen 6. 

Fluid flow-occluding membrane 20 has a first tubu- 
lar end 22 that is concentrically oriented and circumfer- 
entially engages support structure 13. Membrane 20 
further includes at least one constricted region 24 that 
operates to occlude fluid flow 8 in lumen 6, and mem- 
brane 20 is expandable along with support structure 13 
from the compressed state to the expanded state of the 
occlusion device 10. Membrane 20 can be closed at 
constricted region 24 by any of a number of constriction 
techniques, such as mechanical seal 28, in order to 
occlude fluid flow. Those skilled in the art will recognize 
that other constriction techniques, such as a sealing 
member, a fusion seal 28', or a suture 28", can also be 
used. 

In the embodiment shown in Figures 1 and 2, mem- 
brane 20 includes a plurality of polymeric filaments 26 
that, as shown in greater detail in Figure 5, are inter- 
braided with support structure filaments 16 in forming 
occlusion device 1 0. Figures 7 and 8 schematically illus- 
trate a method for interbraiding membrane filaments 
with structural filaments. Figure 7 shows a braiding 
apparatus 70 including a cylindrical carrier assembly 72 
including several annular arrays of bobbins, two of the 
bobbins being indicated at 80a and 80b. The apparatus 
further includes a mandrel 78, centered within the cylin- 
drical assembly and movable longitudinally relative to 
the assembly as indicated by the arrow. 

Figure 8 illustrates part of a carrier assembly 72 in 
greater detail, to reveal five annular arrays or sets of 
carrier bobbins indicated at 80, 82, 84, 86, and 88. The 
sets are coaxial and axially spaced apart, each includ- 
ing forty-eight bobbins, twenty-four bobbins for respec- 
tive clockwise and counterclockwise windings about 
mandrel 78. While those skilled in the art are 
acquainted with the use of braiding machinery, it is 
emphasized here that braiding apparatus 70 is config- 
ured as described in detail in the commonly assigned P. 
Thompson U.S. Patent Applications, Serial Nos. 
08/640,091 and 08/640,062 entitled "Three-Dimen- 
sional Braided Covered Stent" and entitled "Braided 
Composite Prosthesis," both of which are expressly 
incorporated herein by reference in their entirety. Suita- 
ble braiding machinery is available from Albany Interna- 
tional Research Company of Mansfield, Massachusetts. 

Support structure filaments 16 and membrane fila- 
ments 26 can be tightly interwoven so that membrane 
20 is generally non-porous in order to occlude fluid flow. 
Membrane filaments 26 can also be formed from a 
thrombogenic material in order to promote clotting of 
fluid flow 8 and thereby occlude the fluid flow. The 
resulting structure will preferably have a porosity of less 
than 5,000 ml/cm 2 /min at 120 mmHg. More preferred 
are porosities of between about 100 and 3,000 
ml/cm 2 /min, and even more preferably, between about 
300 and 2,000 ml/cm 2 /min at 120 mmHg. 

In the interbraided occlusion device 10 shown in 
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Figures 1 and 2, first tubular end 1 4 of support structure 
12 extends beyond first tubular end 22 of membrane 20, 
and the constricted region 24 of membrane 20 extends 
beyond a second tubular end 1 5 of support structure 13. 
The individual membrane fibers 26 of membrane 20 are 
drawn together in the constricted region 24 and sealed 
together with mechanical seal 28. 

Figure 3 shows a second embodiment of an inter- 
braided occlusion device 1 10 in its expanded state. Fea- 
tures of occlusion device 110 that correspond to 
features of occlusion device 10 shown in Figures 1 and 
2 and described above are designated with correspond- 
ing reference numbers that are preceded by the prefix 
"1." In this embodiment, support structure filaments 116 
and membrane filaments 126 are interbraided through- 
out the entire length of occlusion device 110. Mechani- 
cal seal 128 compresses both support structure 113 
and membrane 120 at the constricted region 124, 
thereby closing occlusion device 1 1 0 and occluding fluid 
flow through the device. 

Figure 4 shows a third embodiment of an inter- 
braided occlusion device 210 in its expanded state. Fea- 
tures of occlusion device 210 that correspond to 
features of occlusion device 10 shown in Figures 1 and 
2 and described above are designated with correspond- 
ing reference numbers that are preceded by the prefix 
"2." Support structure 213 includes first and second 
tubular ends 214 and 215, respectively, and fluid flow- 
occluding membrane 220 includes first and second 
tubular ends 222 and 223, respectively. In this embodi- 
ment, support structure filaments 216 and membrane 
filaments 226 are interbraided throughout the entire 
length of occlusion device 210, and the respective first 
and second ends of structure 213 and membrane 220 
are thus concentric and substantially coextensive. 
Mechanical seal 228 is positioned between the first and 
second tubular ends of the occlusion device 210, and 
constricts both the support structure 213 and the mem- 
brane 220 in order to occlude fluid flow in a body lumen. 
Support structure 213 and membrane 220 radially 
expand in the areas adjacent mechanical seal 228 to 
form first and second constricted regions 224 and 225. 

Figures 9 and 1 0 show a sheath occlusion device 
310 in accordance with the present invention. Sheath 
occlusion device 310 is comprised of support structure 
313 and a separately fabricated fluid flow-occluding 
membrane 320. Support structure 313 can be com- 
prised of a plurality of interbraided elongate filaments 
316, and can be manufactured using the method for 
manufacturing support structure 13 described above 
and shown in Figure 6. Membrane 320 circumferential ly 
engages support structure 313, and in the embodiment 
shown in Figure 9, membrane 320 is positioned within 
support structure 313. In this manner, support structure 
313 acts as a "sheath" that covers membrane 320. 
Alternatively, as in the embodiment shown in Figure 10, 
membrane 320 can encompass support structure 313, 
thereby acting as a sheath that covers structure 313. 



Membrane 320 can be formed from a plurality of fil- 
aments 326 that are either tightly interwoven to occlude 
fluid flow, or are thrombogenic in order to promote clot- 
ting of the fluid flow, and thereby occlude the flow. Alter- 

5 natively, membrane 320 can be formed from a sheet of 
flexible material that is substantially non-porous, is 
thrombogenic, or is covered with a non-porous coating 
in order to occlude fluid flow. 

The sheath occlusion device 310 shown in Figures 

10 9 and 10 includes a first tubular end 314 of support 
structure 313 and a first tubular end 322 of membrane 
320 that are concentric and substantially coextensive, 
and support structure 313 extends the entire length of 
membrane 320. Membrane 320 and support structure 

15 313 of occlusion device 310 are separately fabricated, 
and membrane 320 engages structure 313 using con- 
ventional techniques, such as adhesive or thread stitch- 
ing. Mechanical seal 328 closes the support structure 
313 and membrane 320 at the constricted region 324, 

20 thereby occluding fluid flow. 

Figure 1 1 shows a second embodiment of a sheath 
occlusion device 410 in accordance with the present 
invention. Features of occlusion device 410 that corre- 
spond to features of occlusion device 310 shown in Fig- 

25 ures 9 and 1 0 and described above are designated with 
"400" series reference numbers as opposed to the "300" 
series used in Figures 9 and 10. Sheath occlusion 
device 410 includes a support structure 413 and mem- 
brane 420 that are separately fabricated, and a first 

30 tubular end 414 of support structure 413 extends 
beyond a first tubular end 422 of membrane 420. Sup- 
port structure 413 thus acts as a sheath that surrounds 
a portion of membrane 420. A constricted region 424 of 
membrane 420 extends beyond a second tubular end 

35 415 of support structure 413, and is closed at con- 
stricted region 424 with mechanical seal 428. 

Figure 12 shows a third embodiment of a sheath 
occlusion device 510. Features of occlusion device 510 
that correspond to features of occlusion device 310 

40 shown in Figures 9 and 10 and described above are 
designated with "500" series reference numbers as 
opposed to the "300" series used in Figures 9 and 10. 
Sheath occlusion device 510 includes a support struc- 
ture 513 and membrane 520 that are separately fabri- 
cs cated. First tubular ends 514 and 522 of support 
structure 513 and membrane 520, respectively, are con- 
centric and substantially coextensive, as are second 
tubular ends 51 5 and 523 of the structure and the mem- 
brane. Mechanical seal 528 is positioned between the 

so first and second ends of the device, and engages both 
support structure 513 and membrane 520 at the con- 
stricted region 524. Due to the self-expanding nature of 
support structure 513, the areas adjacent mechanical 
seal 528 expand, thereby creating a second constricted 

55 region 525. While occlusion device 510 is shown with 
membrane 520 positioned within support structure 513, 
those skilled in the art will recognize that membrane 
520 can alternatively surround support structure 513 
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without departing from the spirit and scope of the inven- 
tion. 

Figure 13 shows a fourth embodiment of a sheath 
occlusion device 610. Features of occlusion device 610 
that correspond to features of occlusion device 310 s 
shown in Figures 9 and 10 and described above are 
designated with "600" series reference numbers as 
opposed to the "300" series used in Figures 9 and 10. A 
separately fabricated membrane 620 is positioned 
within and engages support structure 613. In this 10 
embodiment, mechanical seal 628 is also positioned 
within support structure 613, and thus closes only mem- 
brane 620 at the constricted region 624. Because mem- 
brane 620 engages support structure 613, membrane 
620 expands in the areas adjacent mechanical seal is 
628, thereby creating a second constricted region 625. 

The elongate filaments of the support structures 
described above can be formed from a metal or other 
resilient material, including Elgiloy® alloy (available 
from Carpenter Technology Corporation of Reading, 20 
Pennsylvania), Phynox® alloy (available from Metal 
Imphy of Imphy, France), 316 stainless steel and 
MP35N alloy (both of which are available from Carpen- 
ter Technology Corporation and Latrobe Steel Company 
of Latrobe, Pennsylvania), and superelastic Nitinol 25 
nickel-titanium alloy (available from Shape Memory 
Applications of Santa Clara, California). 

The fluid flow-occluding membranes of the present 
invention described above generally have a high degree 
of compliance, which may or may not include elasticity. 30 
These membranes can be formed from a plurality of fil- 
aments that are either tightly woven to occlude fluid 
flow, or are thrombogenic to promote clotting of the fluid 
flow, and thereby occlude the flow. Suitable materials for 
the plurality of filaments include polyethylene and poly- 35 
ethylene terephthalate. One suitable high molecular 
weight polyethylene that can be used for the filaments is 
sold under the brand name "Spectra". Alternatively, 
these membranes can be formed from a sheet of flexi- 
ble material that is non-porous, is thrombogenic, or is 40 
covered with a non-porous coating to occlude fluid flow. 
Suitable materials for a sheet of flexible material used to 
form the membranes include silicone, polyurethane, 
polycarbonate urethane, polytetrafluoroethylene, or 
expanded polytetrafluoroethylene. 45 

The occlusion device described above has many 
advantages. The device exhibits a relatively high degree 
of biocompatibility. The support structure securely 
engages the device in a body lumen while the mem- 
brane effectively occludes fluid flow in the lumen. In so 
addition, the occlusion device can be deployed using 
conventional insertion techniques and tools, such as an 
insertion catheter. The present invention is also efficient 
to manufacture. 

Although the present invention has been described ss 
with reference to preferred embodiments, those skilled 
in the art will recognize that changes can be made in 
form and detail without departing from the spirit and 
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scope of the invention. 
Claims 

1 . A medical device (10) adapted for implantation into 
a body lumen having a tubular interior surface, 
including: 

a support structure (13) of which at least a 
tubular portion is expandable from a reduced- 
diameter compressed state to a self-supporting 
and lumen-engaging expanded state, the tubu- 
lar portion for engaging the tubular interior sur- 
face of the lumen in the expanded state; and; 
a flexible, interwoven fluid flow-occluding mem- 
brane (20) having at least a first tubular end 
(22) concentrically oriented and circumferen- 
tially engaged with the tubular portion of the 
support structure, and a constricted region 
(24), the membrane having a porosity of 
greater than 0 ml/cm 2 /min, and at least a por- 
tion of the membrane (20) being expandable 
with the support structure (1 3) from a reduced- 
diameter compressed state to an expanded 
state for occluding fluid flow through the body 
lumen when the support structure (13) is in the 
lumen-engaging expanded state. 

2. The medical device (1 0) of claim 1 wherein the flow- 
occluding membrane (20) further includes a second 
tubular end opposite the constricted region (24) 
from the first tubular end (22), the second tubular 
end concentrically oriented and circumferentially 
engaged with the support structure. 

3. The medical device (610) of claim 2 wherein the 
flow-occluding membrane (620) is a tubular mem- 
ber and the device further includes constriction 
means (628) for closing the tubular member at the 
constricted region (624) within the support struc- 
ture (613) and enabling portions of the support 
structure (613) adjacent to the constricted region 
(624) to expand. 

4. The medical device (210) of claim 2 wherein the 
fluid flow-occluding membrane (220) is a tubular 
member and the device further includes constric- 
tion means (228) for closing the tubular member 
and the support structure (213) at the constricted 
region (224). 

5. The medical device (110) of claim 1 wherein the 
fluid flow-occluding membrane (120) is a tubular 
member having at least a portion including the first 
end (122) that is coextensive with at least a portion 
of the length of the support structure (1 13) and the 
device further includes constriction means (128) for 
closing the tubular member and the support struc- 
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ture at the constricted region (124). 

6. The medical device (10) of claim 1 wherein the fluid 
flow-occluding membrane (20) is a tubular member 
having at least a first portion including the first tubu- 5 
lar end (22) that is coextensive with at least a por- 
tion of the length of the support structure (13) , and 

a second portion including the constricted region 
(24) that is capable of extending beyond an end of 
the support structure (1 3). 10 

7. The medical device (10) of claim 1 wherein: 

the support structure (13) includes a metal 
structure; and 15 
the flow-occluding membrane (20) is formed of 
polymeric material. 

8. The medical device (10) of claim 1 wherein: 

20 

the support structure (13) is radially compress- 
ible and self-expandable structure including 
one or more elongate filaments (16); and 
the flow-occluding membrane (20) is formed of 
polymeric material. 25 

9. A medical device (1 0) adapted for implantation into 
a body lumen having a tubular interior surface, 
including: 

30 

a radially self-expandable support structure 
(13) including a plurality of elongate structural 
filaments (16) that are interwoven, the support 
structure (13) expandable from a reduced- 
diameter compressed state to a self-supporting 35 
and lumen-engaging expanded state, the sup- 
port structure (1 3) having a tubular portion for 
engaging the tubular interior surface of the 
lumen in the expanded state; and 
a flexible fluid flow-occluding membrane (20) 40 
including polymeric filaments (26) interwoven 
with the structural filaments (16) and having at 
least a first tubular end (22) coextensive with at 
least a portion of the length of the support 
structure (13), and a constricted region (24), 45 
the membrane (20) expandable with the sup- 
port structure (13) from a reduced-diameter 
compressed state to an expanded state for 
occluding fluid flow through the body lumen 
when the support structure (1 3) is in the lumen- so 
engaging expanded state. 

10. The medical device (10) of claim 9 wherein: 



end (15) of the support structure (13). 

11. The medical device (110) of claim 9 wherein: 

the support structure (113) includes first and 
second opposite ends (114, 115); and 
the constricted region (124) includes constric- 
tion means (128) for constricting a portion of 
the support structure (113) and the membrane 
(120). 

12. The medical device (210) of claim 11 wherein the 
constriction means (228) is located between the 
first and second opposite ends (214, 215) of the 
support structure (213). 

13. The medical device (110) of claim 11 wherein the 
constriction means (1 28) is located on the first end 
of the support structure (113). 

14. A medical device (310) adapted for implantation 
into a body lumen having a tubular interior surface, 
including: 

a radially self-expandable support structure 
(313) including a plurality of elongated struc- 
tural filaments (316) that are interwoven, the 
support structure (313) expandable from a 
reduced-diameter compressed state to a self- 
supporting and lumen-engaging expanded 
state, the support structure (313) having a 
tubular portion for engaging the tubular interior 
surface of the lumen in the expanded state; and 
a flexible fluid flow-occluding membrane (320) 
having at least a first tubular end (322) concen- 
trically oriented and circumferentially engaged 
with the support structure (313), and a con- 
stricted region (324), the membrane (320) 
being expandable with the support structure 
(313) from a reduced diameter compressed 
state to an expanded state for occluding fluid 
flow through the body lumen when the support 
structure (313) is in the lumen-engaging 
expanded state. 

15. The medical device (310) of claim 14, wherein the 
fluid flow-occluding membrane (320) further com- 
prises a second portion including the constricted 
region (324) that is capable of extending beyond a 
second end of the support structure (313). 

16. The medical device (610) of claim 14 wherein the 
fluid flow-occluding membrane (620) is positioned 
within the support structure (613), the device fur- 
ther including constriction means (628) for closing 
the fluid-flow occluding membrane (620) within the 
support structure (613). 



the support structure (13) includes first and 55 
second opposite ends (14, 15); and 
the constricted region (24) of flow-occluding 
membrane (20) extends beyond the second 
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17. The medical device (310) of claim 14 further includ- 
ing constriction means (328) for closing the support 
structure (313) and membrane (320) at the con- 
stricted region (324). 
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Fig. 4 
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